INTRODUCTION
The World Health Organization (WHO) instituted a robust program to classify functioning and health with the introduction of the International Classification of Functioning, Disability and Health (ICF) in 2001 (1). In the past, the field of rehabilitation classified a patient's functioning and disability based mainly on the medical factors associated with a diagnosis. The ICF framework of classifying function and disability is multi-dimensional and based on a "biopsychosocial model" that takes into account contextual factors that affect functioning, such as personal and environmental factors. Rather than focusing on a single part of the body, the ICF looks at the whole person and how that person functions in society. The ICF ( Fig. 1) incorporates 5 major components and includes: Body structure, Body function, Personal factors, Environmental factors, and Activity/Participation. Each component is composed of categories and subcategories. For example, the body structure component includes upper extremity structure and lower extremity structure categories.
The ICF classification system was designed to be comprehensive and includes over 1400 categories. The extensive nature of the ICF system makes it cumbersome to use for clinical or research purposes. The ICF checklist and ICF Core Sets were developed to make use of the ICF more practical. The ICF checklist is a shorter version with 125 categories, whereas the Core Sets are smaller versions of the ICF that utilize only those categories that are applicable to a specific disease or condition. The Core Sets, similar to the overall ICF, were designed through consensus and testing (2-4). An ICF Comprehensive Core Set was developed for rheumatoid arthritis (RA) and has 96 categories (5). The RA Core Set defines "what to measure" for RA outcomes, but does not define "how to measure" (6). Comparing RA Core Set categories with study measurements will determine how well a study has covered "what to measure". Researchers working on rheumatic diseases can use the ICF framework for RA to get consensus to measure all the components of outcomes that are pertinent to these patients. Linking study measurements to the ICF Core Set will allow researchers to determine how well a study covers ICF categories, and this in turn will determine how well the study measures functioning and health of the patients (4) . The ICF has been used extensively (7) and applied to several other conditions, including brain injuries (8), spine injuries (9, 10), back pain (11, 12), breast cancer (13), stroke (14, 15), and Crohn's disease (16).
In 2004, the authors began a multi-center, international study funded by the National Institutes of Health (NIH), to assess hand outcomes after the silicone metacarpophalangeal arthroplasty (SMPA) procedure to correct deformities in rheumatoid hands. The study was designed with knowledge of the multi-factorial nature of this chronic disease. Previous studies of SMPA outcomes relied on physical measurements such as grip and pinch strength and range of motion. This study was unique because of the collaboration between rheumatologists and hand surgeons, as well as the use of patient-reported outcomes through questionnaires. Comprehensive hand outcomes were measured in the study by the Michigan Hand Outcomes Questionnaire (MHQ). The MHQ is a validated questionnaire (17, 18) that is employed internationally for the assessment of hand diseases. We have found the MHQ to have particular suitability for rheumatoid hand problems (19) . In this paper, we linked study measurements to the ICF RA Core Set to determine the study's ability to assess hand function using the MHQ as our reference standard. The results will demonstrate the utility of the ICF RA Core Set for assessment of outcomes for patients with RA.
METHODS
This multi-center study is a prospective cohort of patients with RA with severe deformities of the metacarpophalangeal joint (MCPJ) resulting in ulnar subluxation and extension lag. Participants chose either to undergo SMPA (cases) or not to undergo SMPA (controls). Participants were not randomized due to strong patient preferences regarding surgery. In pilot testing prior to the start of the study, we found that most patients would not consent to randomization because they have an inherent preference whether or not to have surgery. Patients diagnosed with RA were referred by their rheumatologists to 1 of the 3 study sites: The University of Michigan (Ann Arbor, MI), Curtis National Hand Center (Baltimore, MD) and Pulvertaft Hand Centre (Derby, England). All aspects of the study were approved by the Institutional Review Boards at University of Michigan, Curtis National Hand Center and the Pulvertaft Hand Centre. Study subjects were required to be between 18 and 80 years of age, able to read English and have a defined degree of deformity at the MCPJs (the sum of the mean MCPJ ulnar drift and mean MCPJ extensor lag equal to or greater than 50). Exclusion criteria included: health problems that would prohibit surgery, extensor tendon ruptures in the study hand, swan-neck or boutonniere deformities that would require surgery, previous MCPJ replacement and the initiation of disease-modifying anti-rheumatic drugs (DMARDs) within 3 months of enrollment. Once eligibility was determined, patients were informed about the surgical procedure and post-operative therapy. Patients then decided whether or not to have surgery. Those declining surgery were able to cross over to have surgery after one year in the study.
Study assessments were completed at enrollment, 6 months, 1 year, 2 years, and 3 years. Only the data for one year outcomes was complete at the time of analysis. The primary outcome instrument for measuring hand performance in the study is the MHQ (17, 18). The MHQ is a validated hand-specific outcome questionnaire and has been applied in researching outcomes for RA (20) (21) (22) . The MHQ contains 6 scales: (i) overall hand function, (ii) activities of daily living (ADL), (iii) pain, (iv) work performance, (v) aesthetics, and (vi) patient satisfaction. An MHQ summary score is calculated by averaging the 6 scales, and ranges from 0 to 100, with higher scores indicating better performance, and measures comprehensive hand outcomes.
Other study assessments included functional measurements (grip strength, pinch strength), arc of motion and degree of ulnar drift for all 4 fingers, a measurement of ADL (Jebson-Taylor test) (23, 24), overall health assessment (Arthritis Impact Measurement Scales 2 (AIMS2)) (25), and a medication assessment. grip strength was measured in kilograms using a JAMAR dynamometer (Asimow Engineering, Los Angeles, CA, USA). Pinch strength was also measured in kilograms using a standard Preston pinch gauge (J. A. Preston, Clifton, NJ, USA). grip and pinch strength were measured 3 times for both hands. Arc of motion and ulnar drift were measured in degrees by a trained hand therapist. The Jebson-Taylor test simulates ADL and includes 7 timed tasks: (i) writing a short sentence, (ii) turning over 7,62 × 12,7 cm cards, (iii) picking up small objects and placing them in a container, (iv) stacking checkers, (v) simulated eating, (vi) moving large, empty cans, and (vii) moving large, weighted cans. The writing component was not included in our assessments due to the difficulty with interpreting the results. The AIMS2 questionnaire has 12 scales that can be combined into 6 domains that include: physical (mobility, hand and arm function, ADL, etc.), affect (level of tension, mood) symptom (pain), social (social interaction), role (work), and comorbidity. AIMS2 scores range from 1 to 10, with lower scores indicating better health status. One of the ICF components, body structure, was not included in the analysis. The body structure component pertains to a particular body part of interest. In this study there is only one structure of interest, the hand, and thus body structure does not vary among subjects. Using the ICF RA Core Set as a guide, we grouped study variables into 1 of the 4 remaining components. Our study was not designed using the RA Core Set, and therefore many categories that make up the components were not utilized by our study. In the analysis and in the remainder of this paper, the main ICF components will be referred to as "blocks".
Linkage was accomplished using the methods described by Cieza et al. (26, 27) . Each variable used in the analysis was linked to a specific category in the RA Core Set. If an appropriate category was not available in the Core Set, variables were linked to the full ICF. Fig. 2 shows how the individual variables were linked to ICF RA Core Set categories and then to broad ICF blocks. For example, grip and pinch strength were linked to the category muscle power function in the RA Core Set, which is part of the ICF Function block. The study variable, comorbidity was not included by the RA Core Set, therefore we linked that variable to the main ICF categories. The outcome of the linkage is summarized in Table I .
The demographic variables of age, gender, level of education, race and country were included in the personal factor block. The majority of study outcome variables were linked to the body function block and included grip and key pinch strength, degree of ulnar drift and extensor lag, average proximal interphalangeal joint (PIP) arc of motion, average MCPJ arc of motion, AIMS2 affect, AIMS2 comorbidity (number of comorbid conditions), and AIMS2 symptom.
To determine how well the study measurements, after linking to the ICF RA Core Set, predicted hand outcomes, we used a multiple regression model with the MHQ summary score at baseline as the response variable. Actual study measurements were used in the regression model. The multiple regression model was constructed using hierarchical regression, a technique that manages the order of variable sets (or blocks) entered into the model. This allowed for assessment of the ICF Core Sets' contribution to the model by examining the influence of each Core Set block in a sequential way, such that the relative importance of a block of predictors may be judged on the basis of how much it adds to the prediction, over and above that can be accounted by other important predictors. We were also able to assess the significance of individual study variable in predicting the outcome. The order of entry for blocks was determined so that the potentially confounding contextual variables are entered first in order to control for their effects. Based on this reasoning, the personal factor block was entered first, followed by the environmental factor block, body function block, and the activity/participation block. Because we were also interested in how well the ICF Core Sets measured at baseline predict change in hand outcomes, we also modeled the change in the MHQ summary score at one year as the response variable. Because some patients received the surgical treatment, the change score model also included a surgery indicator variable as a predictor in the environmental block to adjust for differences in MHQ scores due to the surgical procedure. The regression models used complete data only, thus excluding those with any missing predictor or response variables.
To check the sensitivity of the model results, we repeated the analysis using multiple multivariate imputation methods to impute values for the missing predictor variables. A total of 5 imputation data-sets were created. The predictive models were then fit across the 5 imputed datasets, resulting in a single model with parameter estimates and standard errors combined across the imputed data-sets, considering both the between-and within-imputation variance (28). Statistical analyses were conducted using SPSS version 16 (SPSS Inc., Chicago, IL, USA) and Stata version 11 (StataCorp LP, College Station, TX, USA).
RESULTS
A total of 158 subjects enrolled in the SMPA trial, of whom 67 were surgical cases and 91 were non-surgical controls. Eight of these were considered as loss at baseline and 5 withdrew from the study. There was incomplete information for the remainder of the subjects. A total of 142 patients had MHQ data available at enrollment, and of them, 130 were included in the complete data analysis. Of the 130 subjects, 49 were surgical and 81 were non-surgical. The mean age of the subjects was 61 years; with 91% and 71% being white and female, respectively (Table  II) . The majority of subjects were from the USA (65%). The analysis of changes in hand outcomes required hand outcomes data from both baseline and one year, resulting in 129 patients with the MHQ data available at both times, and complete data in 111 patients. Of these 111 cases, the total number of surgical subjects was 38. The results of the hierarchical regression model using the baseline MHQ summary score are shown in Table III. The R   2 shows the percent of variation in comprehensive hand outcomes that is explained by the blocks of variables sequentially added. For example, the personal block explains only 1.6% of the variation in hand outcomes. The addition of the environmental variables in the model increases the R 2 to 2.3%, which shows that the increase in hand outcomes variation explained by the environment variables was 0.7%, controlling for personal variables. Controlling for personal and environmental variables, the body function variables explained 57.2% more of the variance in hand outcomes (p < 0.001 for change in R 2 ), and controlling for personal, environmental and body function variables, the body activity variables explained 10.4% more of the variance in hand outcomes (p < 0.001). The results indicate that the ICF component groups explain 70% of comprehensive hand outcomes reported by patients enrolled in the study, with the majority explained by the ICF body function component. Table III also shows the effect of individual variables that constitute the blocks for all patients. Significant predictors of hand outcomes at baseline included: country -USA (B = -8.1, p = 0.006), AIMS -physical (B = -4.4, p < 0.001), and AIMS -symptom (B = -1.8, p = 0.004). The results show that, US-based patients, poor physical function, and greater pain (AIMS -symptom) are each associated with worse hand outcomes at baseline. Although the body function block was significant, we did not find any of the individual traditional physical measures in the body function block to be significantly predictive of hand outcomes.
The hierarchical model results for the one-year change in MHQ summary score are shown in Table IV . The ICF blocks explain 45% of the variation in the one-year change in MHQ summary scores. Among the individual variables, only the surgical group indicator was a significant predictor of change in hand outcomes at one year (B = 23.52, p < 0.001), indicating that surgical patients on average experience a 23.5-point higher MHQ score at 12 months compared with their non-surgical counterparts. The fact that none of the other predictors were significant suggests that the complexity of the rheumatoid hand condition makes prediction of one year outcomes highly challenging, despite this detailed assessment of a comprehensive list of factors within the ICF framework.
For both models, collinearity diagnostics revealed a high correlation between extensor lag and arc of motion (r = -0.8). The models were rerun without one of the variables, resulting in a negligible change to the model R 2 (range 0.001-0.011), regardless of the variable excluded. For example, change in R2 was 0.007 when arc of motion was excluded from the baseline MHQ model and 0.012 when arc of motion was excluded from the one-year MHQ model. Furthermore, the exclusion of the variables resulted in no change in the predictors that were found to be significant in the model.
The magnitude of the changes in R 2 and significance of the individual predictors from the analysis of imputed data in which missing predictors were imputed were similar to those for the analysis of complete data. For the baseline MHQ model using imputed data (n = 142), the same predictors that were significant in the model based on complete data (n = 130) were found to be significant in predicting the baseline MHQ scores. For the analysis of change score in MHQ at one year based on imputed data (n = 125), only the surgical group indicator was found to be a significant predictor of the change score, as was the case in the analysis of complete data (n = 111). Similarly, the changes in R 2 from the imputed data-set model of one-year change in MHQ were consistent with those from the complete data model.
DISCUSSION
The results presented in this paper have demonstrated the value of the ICF Core Set for RA when assessing hand outcomes in patients with RA. Linking our study measurements to the Core Set gave us an indication of how well our study measurements assess hand function. We found that the ICF blocks explained 70% of the variation in hand outcomes for all patients with RA enrolled in the study. This result indicates that the variables included in our study do a good job of covering "what to measure." Our analysis of ICF blocks indicated which measurements were better predictors of function. The analysis highlighted the importance of Body function and Activity/Participation factors when evaluating functioning and disability in patients with RA. In particular, pain (Body function) and physical functioning (Activity/Participation) were significant predictors of poor hand function.
Personal factors, such as age and education, have been found in other studies to be predictors of outcomes for physical functioning in patients with RA (29-33). These studies measured overall physical functioning in patients with RA using health-related questionnaires. Although personal factors were included in this study, country of origin was the only personal factor identified as a predictor of hand function at baseline. Subjects from the USA reported worse hand function at baseline compared with subjects from the UK. In the USA, because of the insurance structure, it is possible that patients with severe deformity and more disability are being seen by hand surgeons. This may be especially true for younger patients. The lack of universal health insurance may deter patients from consulting physicians until it becomes absolutely necessary.
The ICF was less effective in assessing changes in hand function for patients with RA over time in this study. Only 45% of the variation in the one-year change in MHQ score was explained by the ICF groups for all patients. Unlike the baseline analysis, most of the variation at one year after surgery was explained by the ICF environment, specifically, the surgical group indicator. This finding is consistent with a previous analysis of SMPA data, which found improvement in hand function at one year for surgical patients, but non-surgical patients report no change (34). Additionally, because patients with RA with hand problems may have multiple other problems in their hands and in other parts of their body that can affect their functioning, more variables may need to be considered and collected in order to identify other predictors.
A limitation of our study was that it was not designed using ICF Core Set categories. For this reason, many Core Set categories were not included as study variables. This lack of coverage of some categories probably explains much of the variance in hand function that is not explained by our model. Another limitation is that the ICF provides a detailed list of "what to measure", but translating the list into "how to measure" is not always straightforward. For example, sensation of pain is a category for the body function component, but there is no specified way to assess pain.
Our results demonstrate the importance of using the ICF RA Core Set when designing a comprehensive study assessing outcomes of patients with RA. Outcome studies of the RA hand have traditionally relied on physical measures, such as grip and pinch strength, to measure patient function following treatment. The results show the importance of patientreported outcomes, such as pain and the ability to perform ADL, when assessing hand function in patients with RA. The ICF framework has given us a better understanding of how multiple factors should be considered when assessing function and disability.
